Objectives: Mobility impairments constitute a long-term burden in patients with multiple sclerosis (MS). Currently there is evidence that the drug fampridine may improve nonwalking symptoms in MS patients. The main objective of this study is to analyze whether participants showing a beneficial walking response to fampridine, also show a positive response in nonwalking assessments in a real-world clinical setting. Methods: Subjects enrolled were part of a study analyzing gait parameters, for which response to treatment with fampridine was monitored after a period of 2 weeks. Neurologists then decided whether patients were responders to fampridine (RF) according to their global impression of patients' gait improvement. As nonwalking outcomes, we included the ninehole peg test (9-HPT), the EuroQoL five dimensions questionnaire (EQ-5D) for quality of life,
Introduction
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system leading to a large array of symptoms in young adults. Up to 75% of patients with this disease suffer from gait impairment in the long term. 1 Nevertheless, nonwalking symptoms constitute a long-term burden on patients affected with this disease. 2 Fatigue, cognitive impairment, upper limb dysfunction and depression have been demonstrated to be prevalent in a high proportion of participants 3 and to be critically important for the quality of life (QoL) of MS patients as well. 4, 5 Some nonwalking symptoms appear to interact with each other. 6 Although they seem to occupy a second level of importance in the management of MS symptomatology, they might be more incapacitating than walking impairment itself from a patient's perspective. 7 Treatment of nonwalking symptoms is currently approached by multidisciplinary teams while symptoms must be approached individually.
In recent years, more and more evidence has emerged in favor of the benefits of the drug fampridine, a potassium channel blocker, on walking impairment in MS patients. [8] [9] [10] [11] In addition, studies have successfully replicated such positive results and offered some data suggesting a possible benefit of this drug on other functional outcomes in addition to walking speed. [12] [13] [14] [15] [16] Information derived from double-blinded, controlled clinical trials has not been very strong regarding fampridine benefits on nonwalking outcomes so far 11, 16, 17 ; however, open-label studies investigating nonwalking outcomes as secondary objective have already shown improvement in upper limb function, fatigue, QoL, and cognitive function. 12, 13, 15 One open-label study by Jensen et al. studied nonwalking outcomes as a primary objective, showing improvement in cognitive function, upper limb dexterity and other motor outcomes. However, this study lacks information on QoL and fatigue. 18 Two recent double-blinded studies investigating the effects of fampridine on cognitive function delivered inconclusive or negative results, but provided information on possible future applications of the drug such as improvement in muscle strength. 16, 19 Whereas these studies offer valuable information on the effects of fampridine on multiple functions, no standardized test protocol to evaluate nonwalking parameters exists for assessing response to fampridine in nonwalking outcomes currently and different study protocols make assessment of the current evidence challenging.
Currently, neurologists working with MS patients in clinical practice might find it challenging to apply such available data for fampridine to their real-world, clinical setting. 20 Clinical data offering information about the effects of fampridine on nonwalking symptoms, derived from the daily clinical practice, are lacking. Moreover, there is little information on which degree of improvement can be considered as a positive response to fampridine on nonwalking outcomes.
The main objective of this study is to evaluate whether participants showing a beneficial response to fampridine in walking performance also show a positive response in nonwalking assessments, in a group of patients with MS and gait impairment in a real-world setting. In theory, we assume that the greatest benefits from fampridine in our nonwalking assessment will be described by the EuroQoL five dimensions questionnaire (EQ-5D) 21 owing to the included question regarding mobility and the nine-hole peg test (9HPT) assessing the upper limb (motor) function followed up by fatigue outcomes.
As a secondary objective, we evaluate whether the physician's judgement of walking improvement is a reliable outcome for improvement in nonwalking assessments.
Methods
We conducted an open-label, monocentric, realworld study investigating the effects of fampridine on nonwalking parameters in a sample of MS patients with gait impairment who were eligible for fampridine treatment. A total of 211 consecutive MS patients were initially enrolled from the outpatient clinic in the Multiple Sclerosis Center in Dresden, Germany. The sample used for this study took part in a related study analyzing gait parameters in patients with MS. 22 The data contained in this study consists of a previously specified subanalysis of the cohort presented by Rodriguez-Leal et al., 22 and as such, both studies share the same inclusion criteria. In short, criteria for including participants were having a definite diagnosis of MS, walking impairment [Expanded Disability Status Scale (EDSS) 4.0-7.5], not having contraindications for starting treatment with fampridine, and ability to perform walking tests. Exclusion criteria were not having a definite MS diagnosis and having contraindications for treatment with fampridine. This study, as well as the related study analyzing gait parameters, was approved by the ethical committee of the University Clinic of Dresden, Germany. This study shares the same ethics committee approval number as Rodriguez-Leal et al. 22 All participants included in both studies were provided with information about the corresponding study by their treating neurologist and signed an informed consent.
As mentioned above, participants enrolled in this study underwent a multimodal gait assessment and response to treatment with fampridine was monitored after a period of 2 weeks treatment. 22 After being enrolled, patients underwent a walking and nonwalking assessment (baseline) and then were instructed to take 10 mg of Fampyra® 23 The physicians' global impression of patients' gait improvement was determined by each neurologist's judgment based on patient's performance in four walking tests after treatment with fampridine, based on the Clinical Global Impression Scale. 24 Further methodological aspects of the study by Rodriguez-Leal et al. can be reviewed elsewhere. 22 As nonwalking outcome measures for this study, the following tests were included.
• 9HPT: a quantitative measure of arm and hand function, which requires the patient to insert a number of pegs into holes and remove them afterwards. Average of two trials in seconds from both dominant (9HPT_D) and nondominant hands (9HPT_ND), as described in the Multiple Sclerosis Functional Composite (MSFC), 25 were used for this study.
• The EQ-5D, 21 a standardized measure of health-related quality of life (HRQoL), is based on a system that defines health in five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. For means of this study, we used the EQ-5D index as the score, described by 28 It has been validated and higher scores result in more depressive symptoms. For this study we used the version validated in German language. 29 • The Paced Auditory Serial Addition Test (PASAT) was included as a cognitive function outcome measure. It assesses auditory information processing speed, as well as calculating ability. It is expressed as a score ranging from 0 to 60, with higher scores representing better performance. In this study, the PASAT version applying intervals of 3 s was employed as described in the MSFC. 25 We established subgroups of patients according to their disability, as measured with the EDSS, as participants with mild disability (EDSS ⩽ 4.5), moderate disability (EDSS 5.0-6.0) and severe disability (EDSS ⩾ 6.5) and according to their diagnosis as relapsing-remitting MS (RRMS), secondary progressive MS (SPMS), and primary progressive MS (PPMS). Subgroups are presented according to the analysis in Rodriguez-Leal et al. 22 For this study, a minimal clinically important difference (MCID) for the EQ-5D was defined as an improvement of 0.08 after 2 weeks, as it was suggested by Kim et al. 30 As there is no defined MCID for the CES-D or WEIMuS, we considered the MCID for these tests at a 10% improvement or greater after 2 weeks, under the principle that participants with higher base scores might not be able to show a greater response than 10% in those tests, with score data being represented as a ratio. For the 9HPT and PASAT, we considered a MCID of 12.5% and 11.4%, respectively, which means a greater change than participants taking placebo in a double-blinded trial performed by Goodman et al. 8 Even though other open-label studies exploring the MCID for the 9HPT have been performed, 31 we decided to include a MCID based on the data by Goodman et al. owing to its double-blinded design.
Statistical analysis
A repeated-measures analysis of variance (ANOVA) was performed in order to search for the effect of disability and diagnosis between the two time points (baseline and 2 weeks 
Results

Population
A total of 211 participants were screened, and 189 were included in the study. Twenty participants were excluded owing to noncompliance with appointments or medication or physical inability to perform the tests; one participant had a diagnosis other than definite clinical MS and another had a significant adverse effect after baseline examination (see below). Compliance with medication was 98.9% in included participants during observation. Subjects in the mild disability group were younger than those in the other disability groups (p = 0.035, p = 0.003, moderate and severe disability in the age subgroup, respectively, and p < 0.001 for both moderate and severe disability in the EDSS) and those with mild disability had a significantly shorter disease course than those with severe disability (p = 0.028). Subjects with RRMS were also younger (47.07 ± 9.40 versus 57.11 ± 9.62) and had a significantly lower EDSS (4.63 ± 1.28 versus 5.70 ± 1.06) than those with other diagnoses (p < 0.001) and had a significantly shorter disease course than those with SPMS (11.22 ± 6.85 versus 15.38 ± 12.43; p = 0.011). A total of 97 participants (51.32%) had a documented motor deficit in at least one of their upper extremities, of which 41 participants (42.27%) were in the severe disability group, 40 (41.24%) were in the moderate disability group, and 16 (16.49%) were in the mild disability group. All other characteristics were comparable among groups. See Table 1 for demographics. Adverse effects are listed in Table 2 , of which nausea was the most common (N = 5, 2.65%), followed by vertigo. One participant had an epileptic seizure during observation; medication was suspended and the participant failed to attend further appointments. Participants with moderate disability had a significant greater mean score improvement at 2 weeks with their nondominant hand in the 9HPT (p = 0.015) than those with severe disability. In contrast to this finding, disability did not have an effect in the dominant hand in the 9HPT, the EQ-5D, PASAT, the CES-D, or the WEIMuS. Patients with diagnosis of SPMS had a significant greater score improvement after 2 weeks in the PASAT in comparison with PPMS patients (p = 0.004). Diagnosis did not have an effect on the response to fampridine in the remaining nonwalking tests.
Change in nonwalking parameters
There was a significant correlation between score change in the CES-D, and the physical section of the WEIMuS (p = 0.049) and between both sections of the WEIMuS (p < 0.001). There was no significant correlation between disability by EDSS and any of the nonwalking outcomes. See Table 4 .
Walk responders and nonresponders to fampridine
RFs were defined according to their walking improvement after treatment with fampridine, as described previously. 22 In the nonwalking outcomes, RFs showed the greatest improvement in the physical and cognitive sections of the WEIMuS (25.69% and 29.81%, respectively, p < 0.001).
journals.sagepub.com/home/taj 5 RFs also showed a significant improvement of 5.25% in the dominant hand (p = 0.025) in the 9HPT, and a significant 11.53% improvement in QoL, a 17.68% improvement in the CES-D (p < 0.001), a nonsignificant improvement in the nondominant hand in the 9HPT (p = 0.344) and a nonsignificant improvement in the PASAT (p = 0.632) ( Table 3 ).
In contrast, NRF did not show any significant improvement in any of the nonwalking tests, except for a 9.26% improvement in the PASAT (p = 0.002) see Table 3 .
According to the criteria listed above, in the whole sample, 62 participants (46.62%) showed at least MCID in the EQ5D, as well as 33 (24.81%) and 19 (14.29%) in the dominant and nondominant hands in the 9HPT, respectively, 27 patients (20.30%) in the PASAT, 74 participants (55.64%) in the CES-D as well as 80 (60.15%) and 83 patients (62.41%) in the cognitive and physical sections of the WEIMuS, respectively.
As a result, participants with performances above the MCID in each test had a significant greater improvement at 2 weeks than the participants below MCID improvement in all tests (p < 0.001; see Table 5 ).
In 
Discussion
The main objective of this study was to describe our experience treating MS patients with gait impairment in a real-world setting and to investigate whether walking-responders to fampridine benefit on nonwalking outcomes after a test treatment period of 2 weeks. Our findings suggest that RFs also benefit on nonwalking outcomes, most notably on fatigue and QoL, showing a broader spectrum of action for fampridine as described previously.
Looking at the whole population, the most notable positive change was seen in fatigue, in both the cognitive and physical sections of the WEIMuS questionnaire (19.45% and 17.01% improvement at 2 weeks, respectively), followed by positive and significant changes in depressive symptoms and QoL (10.41%, and 8.45% improvement in the CES-D and the EQ-5D at 2 weeks, respectively). Hand dexterity was modestly improved in the dominant hand, as well as cognitive outcomes. This supports the observation that the effects of fampridine may have a broader spectrum of effect on participants with MS than walking speed alone in this sample of patients analyzed directly in clinical practice. The effects of fampridine on fatigue in MS were the subject of an earlier trial attempting to demonstrate the effects and safety of the drug on this patient population, showing efficacy in participants with high serum levels of the drug 17 ; openlabel studies with fampridine analyzing fatigue as a secondary objective have yielded similar results, 13,32 although they lacked a control group and smaller patient samples were studied. The listed studies, however, used different fatigue tests to those used in this study. A positive effect of fampridine on hand dexterity has been suggested previously in open-label studies. 12, 13 Similar findings have been reported in QoL and depression, 12, 13 whereas results on cognitive scores have been conflicting. 13, 18 Despite the progress shown by those studies, standardized measures have not been defined for testing of depression, fatigue, and cognition in MS patients receiving fampridine. MS patients in the mild disability group were younger and had a shorter disease course than participants in other disability groups, which is explained by natural disease course, with more disability accumulating during disease evolution years, as has been described previously, 1 and this is expected to have an effect on hand dexterity performance and QoL. Further, RRMS patients had a lower disability and shorter disease course than patients with other diagnoses.
Whereas disability and diagnosis did not have a significant effect on the performance of most tests, patients with moderate disability had greater improvement than those with severe disability in dominant hand dexterity, and patients with SPMS had a greater cognitive score improvement than those with PPMS. It has been reported previously that patients with greater disability also show greater upper limb impairment. 3 A study analyzing cognition in different MS subtypes, did not find significant differences in performance in the PASAT between individuals with either SPMS or PPMS. 33 Patients above the MCID in each test, as described above, comprised a lower proportion of participants as those in the RFs group, as the latter group was defined according to their walking response. The greatest proportion of participants above the MCID threshold were in the cognitive and physical sections of the WEIMuS (50.79% and 52.91%, respectively). Once again, fatigue showed the greatest score improvement.
RFs performed better at 2 weeks when compared with the general sample in both sections of the WEIMuS, CES-D, and QoL, and with the dominant hand in the 9HPT, but not better in hand dexterity with the nondominant hand or the PASAT. As stated above, QoL, upper limb function and fatigue were expected to show the greatest improvement in RFs, as the available evidence suggests. 12, 13, 18 Fatigue was also the category with the greatest improvement in this subgroup. In contrast, NRF failed to show any significant improvement after 2 weeks, except for the PASAT (p = 0.002). Although there was not a significant correlation between most of the tests with each other or with disability, depressive symptoms correlated significantly with physical fatigue. Depression and fatigue in MS patients have been described to be closely related to each other 34 and it has even been suggested that they may share some physiopathological aspects. 34, 35 As expected, participants exceeding the respective MCID showed significantly better performances than participants with performances below the respective MCID. Patients with improvements above the respective MCID also presented similar performance estimates compared with those in the RF subgroup. 22 The early clinical trials performed by Goodman and colleagues exploring the effects of fampridine on participants with MS, focused on evaluating speed changes over time, [8] [9] [10] and proving fampridine as effective in improving walking speed in these participants. A large number of studies evaluating walking response to fampridine have focused on measuring speed and endurance changes over time [8] [9] [10] [11] 36 , whereas some others have demonstrated improvement in QoL, fatigue, and arm function as secondary outcomes. 12, 13, 18 To date little experience has been generated on studies evaluating effects of fampridine besides changes in walking speed as the primary outcome. Although information is scarce, current information favors a positive effect of fampridine on fatigue, QoL, depression, and hand dexterity. Evidence is increasing in favor of a positive effect of fampridine on fatigue and this outcome must be further analyzed in larger trials with a universally accepted assessment procedure.
Our data suggests that patients benefiting from fampridine in walking parameters show positive improvement in hand dexterity, depressive symptoms, fatigue, and QoL, especially those patients with significant deficits in those domains. Criteria for determining response to fampridine based on physician's global judgement might be appropriate for determining response to that drug in patients with MS in other areas besides walking parameters. Relying on the MCID in each test might also provide a valid threshold for deciding nonwalking response to fampridine, although the lower proportion of participants in the MCID subgroup in comparison with the RFs warrants further investigation of different threshold scores.
The small changes seen in some of the tests could be due to a placebo effect of the drug on those functional outcomes, such as the nondominant upper limb motor tests and the PASAT. As the tests were performed 2 weeks apart, learning might have an effect on performance in the 9HPT, also considering that roughly one-half of the sample did not have a motor deficit in the upper extremities. Information provided by other studies was obtained using different outcome measures to those presented in this study, therefore this data should be used with caution when analyzing other studies with different outcomes. 37 The CES-D is a tool for screening for depressive symptoms, which is not a synonym of depression and this must be taken into consideration when analyzing studies reporting outcomes for depression.
As data from this study is derived from another trial, which used walking criteria for defining response to fampridine, the division of our population into RFs and NRFs could not be appropriate for determining the subgroup of participants with the greatest response to fampridine in nonwalking outcomes. A methodological limitation of the present study is the missing control group.
Conclusion
The current study can provide new information on the usefulness of fampridine treatment in the real-world setting and suggests that effects of this drug on RF patients in walking parameters extend to nonwalking functional outcomes. Considering the limitations posed by our study design, we provide evidence that physician's global judgement of walking improvement is a reliable measure for determining response to fampridine in nonwalking parameters. The greatest performance improvement was seen in physical and cognitive fatigue after 2 weeks (25.69% and 29.81%, respectively). The role of MCID of selected tests in determining response to fampridine must be further evaluated.
